Abstract Over two centuries of taxonomic studies on the species rich genus Phyllanthus have culminated in a broad and complicated classification with many subgenera and (sub)sections. Past taxonomic work has only focused on local revisions, mostly because of the size of the genus. In this study we aim to summarize most of the taxonomic work in a list containing the infrageneric delimitations of Phyllanthus. This work will serve as a reference, placing most currently recognized species in subgenera and if possible, in sections for further study. Here we recognize 880 species of Phyllanthus, classified in 18 subgenera, 70 sections and 14 subsections. A few taxonomic changes are necessary to reconcile published phylogenetic data with the current classification. Subsections Callidisci and Odontadenii are raised to sectional rank, while section Eleutherogynium and section Physoglochidion are reduced to subsections and P. oxycarpus is transferred to the genus Glochidion. A provisional key for the subgeneric classification of Phyllanthus is provided.
INTRODUCTION
With almost 900 species, the mostly pantropical Phyllanthus L. is the largest genus in the family Phyllanthaceae (Govaerts et al. 2000) . When considering all vegetative and reproductive organs, Phyllanthus is one of the most diverse groups in the Angiosperms (Webster 1956 ). This diversity is exemplified by the multitude of subgenera and (sub)sections defined within the genus. In the past, most of these subgenera and some sections were treated at generic rank (De Jussieu 1824, Baillon 1858), but were eventually all subsumed in a broad genus concept of Phyllanthus with numerous sections (Müller 1863 (Müller , 1865 (Müller , 1866 . The last major changes to this concept at genus level have been the segregation of the genera Glochidion J.R.Forst. & G.Forst. (Kurz 1873) and Margaritaria L.f. (Webster 1957 (Webster , 1979 . The infrageneric structure of Phyllanthus was improved with the creation of several subgenera in a monographic work on the Phyllanthus species of the West Indies by Webster (1956 Webster ( , 1957 Webster ( , 1958 . Subsequent revisionary work followed Webster's outline of subgenera and sections to illustrate the relations among groups within Phyllanthus (e.g., Bancilhon 1971 , Webster & Airy Shaw 1971 , Punt 1972 , Airy Shaw 1975 , 1980a , Brunel 1987 , Rossignol et al. 1987 , Santiago et al. 2006 , Ralimanana & Hoffmann 2011 , Ralimanana et al. 2013 . Regional work on Phyllanthus (Merrill 1920 , 1926 , Pax & Hoffmann 1922 , Beille 1925 , Croizat 1942 , 1943 , Leandri 1958 , Airy Shaw 1963 , 1969 , 1972 , 1975 , 1980a , b, 1982 , Webster 1986 , Chantaranothai 2005 , Silva & Sales 2006 and morphological studies (Punt 1967 , 1972 , 1980 , Punt & Rentrop 1973 , Lobreau-Callen et al. 1988 , Stuppy 1995 , Chen et al. 2009 , Jangid & Gupta 2016 , Wu et al. 2016 ) extended the infrageneric groupings to create a working classification for most Phyllanthus species.
However, recent phylogenetic studies showed that several subgenera were polyphyletic and even Phyllanthus itself proved to be paraphyletic ). In the following taxonomic revisions some of the polyphyletic subgenera were divided in new monophyletic subgenera (Ralimanana & Hoffmann 2011 , Ralimanana et al. 2013 ), but discussion remained whether Breynia J.R.Forst. & G.Forst., Glochidion and Sauropus Blume should be subsumed into Phyllanthus. One solution is to subsume these genera in Phyllanthus to create a giant genus , followed by Chakrabarty & Balakrishnan 2009 , Wagner & Lorence 2011 , Kurosawa 2016 and the other is to split Phyllanthus into smaller, morphologically recognizable, monophyletic groups (Pruesapan et al. 2012 , Van Welzen et al. 2014 , Telford et al. 2016 , followed by Chakrabarty & Balakrishnan 2012) . A more exhaustive phylogenetic study with higher sampling presented the case to maintain Breynia (including Sauropus), Synostemon F.Muell. and Glochidion as monophyletic and morphologically recognizable genera (Pruesapan et al. 2008 , 2012 , Van Welzen et al. 2014 , still leaving the rest of Phyllanthus in its current state, a paraphyletic genus. If Phyllanthus would be split, a larger phylogenetic study, which includes all subgenera and the majority of sections, is needed to prove which groups are monophyletic.
Phyllanthus is currently classified in about 18 subgenera with numerous sections by past revision work. The most notable revisions of Phyllanthus are those for the neotropics (Webster 2001b (Webster , 2002a (Webster , b, 2004 , Asia (Airy Shaw 1960 , 1975 , 1980a , Webster & Airy Shaw 1971 , McPherson & Schmid 1991 and tropical Africa and Madagascar (Leandri 1958 , RadcliffeSmith 1974 , 1996 , Brunel & Roux 1975 , 1984 , 1985 , Brunel 1987 , Ralimanana & Hoffmann 2011 , Ralimanana et al. 2013 . There is some discussion regarding the validity as publication of Brunel's thesis (1987) . The thesis covers a large amount of work on the Phyllanthus species of Madagascar and Africa with many notes on subgenera and sections. Because it is a thesis, this work was treated as not validly published based on article 32 of the International Code of Botanical Nomenclature (McNeill et al. 2012) by Kathriarachchi et al. (2006) . However, the thesis contains the name of a printing company and numbered copies have been distributed to several institutes, which is all in agreement with article 30.8, making it a validly published book. As such it is used in this publication. Several of the decisions in Brunel's thesis were accepted in recent revisions of Phyllanthus in Madagascar (Ralimanana & Hoffmann 2011 , Ralimanana et al. 2013 ).
The checklist by Govaerts et al. (2000) is often used to estimate the number of species within Phyllanthus, but it does not contain an infrageneric division. An attempted synopsis of all the subgenera and sections was published by Kathriarachchi et al. (2006) . However, only the species included in the phylogenetic study were mentioned and a complete taxonomic treatment of the genus is still wanting. We hope that this list may serve as a framework for future studies. If Phyllanthus should ever be split into various genera, this list can serve as a recommendation for the species to include.
METHODS
In this study, we record 880 species, which are divided into 18 subgenera, 70 sections and 14 subsections (Appendix 1). Govaerts et al. (2000) recorded 833 species and the difference is mainly caused by the acceptance of Brunel (1987) and the addition of newly published species after their work. Based on a combination of morphological descriptions, classifications in literature and published phylogenetic work (e.g., Samuel et al. 2005 , Pruesapan et al. 2008 , 2012 , Manissorn et al. 2010 , Challen et al. 2011 , Luo et al. 2011 , we propose the current list for the subgeneric classification of Phyllanthus, in which we assign as many species as possible to subgenera and sections. Some placements are adopted from and are now validly published from Webster's unfinished manuscripts, which are available online (http://herbarium.ucdavis.edu/webster_manuscripts.html). For those species that were unplaced, we studied the distribution and morphological descriptions (mainly branching type and the morphology of the staminate flower), which allowed us to place them at least in subgenera. A synoptic key is provided by which most species can be placed in the appropriate subgenera and/or sections. However, sections and the species included have often not been the subject of recent taxonomic revisions or are based solely on palynological differences. This complicates the creation of a key that can accommodate all species of Phyllanthus. The most important literature is cited after each species, which either provides a direct placement or a morphological description. Hybrid species and infraspecific taxa were not included. Some combinations, partly required by changes in level, are published here, but only to solve nomenclatural anomalies (e.g., subsections that cannot be classified anymore in a section due to splitting of sections and changes in the taxonomic level of the taxa).
TAXONOMY LISTING OF PHYLLANTHUS
We could assign 837 of the 880 species to a particular subgenus or (sub)section (Appendix 2), with some only listed as formerly in subgenus Isocladus or the synonymized section Para phyllanthus Müll.Arg. One species of subgenus Isocladus G.L.Webster, P. maderaspatensis L., was designated as the lectotype of the whole genus Phyllanthus by Ralimanana & Hoffmann (2011) . However, Phyllanthus niruri L. was already designated as the lectotype of the genus Phyllanthus by Small (1913) and later independently confirmed by Webster (1956) . Unfortunately, the remaining 43 species could not be assigned due to either incomplete descriptions, destroyed type specimens, or lack of collections. We have opted to place these species incertae sedis as their true relations need further detailed study.
The classification of several subgenera from Webster's original monographs (1956, 1957, 1958) has changed drastically. Subsequent palynological (e.g., Punt 1967 , 1972 , 1973 , 1980 , Lobreau-Callen et al. 1988 ) and phylogenetic studies ) have led to many new combinations and necessary transfers, some of which are discussed below.
Subgenus Isocladus was created to include about 60 species with non-phyllanthoid branching (leaves on main stem not reduced to scales and lateral axes not deciduous) and consisted of originally four sections, Loxopodium G.L.Webster, Anisolobium Müll.Arg., Macraea (Wight) Baill. and Paraphyl lanthus Müll.Arg. (Webster 1956 ). However, subsequent studies (Brunel 1987 , Webster 2002b ) have reduced the size of this subgenus considerably. The sections Macraea and Cera manthus (Hassk.) Baill. (the latter with section Anisolobium merged with it; Punt 1972) were raised to subgeneric level by Brunel (1987) . Section Loxopodium has been transferred to subgenus Phyllanthus on the basis of pollen characteristics and section Paraphyllanthus was placed in the synonymy of section Isocladus (Brunel 1987) . Webster did create a new section in subgenus Isocladus, Antipodanthus G.L.Webster, which contained several neotropical and Australian species (Webster 2002a) , but the Australian species appear to be better placed in section Lysiandra (F.Muell.) G.L.Webster of subgenus Phyllanthus (Bouman, unpubl. data) . Phylogenetic studies have confirmed the distinctness of subgenera Macraea and Ceramanthus from Loxopodium (Kathriararchchi et al. 2006) . For section Antipodanthus, only one Australian species, P. caly cinus Labill., and no neotropical species were included in the phylogeny by Kathriararchchi et al. (2006) , in which the group appeared to be distinct from subgenus Isocladus. However, to elucidate the relationship between sections Antipodanthus and Lysiandra it is necessary to include more species in a phylogenetic study. Therefore, section Antipodanthus is here maintained with no formal subgeneric placement. Ralimanana & Hoffmann (2011) made the remainder of subgenus Isocladus (including former section Paraphyllanthus) monotypic, to only include P. maderaspatensis L., leaving some species unplaced and in need of revision.
All small shrubs and herbaceous Phyllanthus species were originally placed in subgenus Phyllanthus. The subgenus was shown to be polyphyletic ) and several subgenera are now recognized separately: subgenus Swartziani (G.L.Webster) Ralim. & Petra Hoffm., containing the neotropical herbaceous species of subsection Swartziani; subgenus Afroswartziani Ralim. & Petra Hoffm., comprising the palaeotropical species of former subsection Swartziani (largely comparable with section Anthophyllus Jean F.Brunel (Brunel 1987) ), subgenus Tenellanthus Jean F.Brunel and subgenus Phyllanthus. Subgenus Phyllanthus now only contains sections Almadenses G.L.Webster, Choretropsis Müll.Arg., Loxopodium G.L.Webster, Lysiandra, Phyllanthus and Salvini opsis Holm-Niels. ex Jean F.Brunel. Section Praephyllanthus Jean F.Brunel was found to be closely related to the species of subgenus Afroswartziani and is transferred here to subgenus Afroswartziani. The type of section Anthophyllus was placed in subgenus Swartziani, but all other palaeotropical species, including subsections Callidisci Jean F.Brunel, Fluitantoides Jean F.Brunel and Odontadenii Jean F.Brunel & Jacq.Roux (here raised to section level) are better placed in subgenus Afroswartziani. These two subgenera are closely related (see Kathriarachchi et al. 2006 ) and mostly distinguished by the inflorescences (unisexual in Afroswart ziani, bisexual in Swartziani) (Ralimanana et al. 2013) . The species in sections Odontadenii, Fluitantoides and Callidisci have unisexual inflorescences and are tentatively placed in subgenus Afroswartziani.
Note -Species of section Callidisci were originally placed by Brunel (1987) in subgenus Phyllanthus section Anthophyllus together with other palaeotropical subsections and recognized by the fringed disc in the pistillate flowers. As this group has recently been shown to be polyphyletic ) and after revision were split into a few new subgenera (Ralimanana et al. 2013) , it seems necessary also to transfer Brunel's subsections. All other palaeotropical species of subgenus Phyllanthus were placed in subgenus Afroswartziani and were distinguished from the neotropical subgenus Swartziani by their unisexual inflorescences (Ralimanana et al. 2013) . This is in agreement with species of subsection Callidisci, which is transferred here and raised to sectional level to accommodate the separation from section Anthophyllus. Note -Species in the palaeotropical section Odontadenii also have unisexual inflorescences and are therefore more suited to be placed in subgenus Afroswartziani than the neotropical subgenus Swartziani. The species are distinguished form other sections by their winged plagiotropic branchlets (Brunel & Roux 1981 Note -Section Scleroglochidion was previously placed in synonymy by Webster (1986) who expanded the description of Eleuterhogynium to include also Phyllanthus species with 3 free filaments. Section Heteroglochidion was defined by Mül-ler on its biseriate sepals, which is a common character for subgenus Gomphidium. All of these sections are characterized by a rudimentary to absent nectar disc (see Müller 1866) . Lobreau-Callen et al. (1988) in a palynological study, showed that the pollen of these groups showed a continuous variation in pollen characters and were difficult to differentiate. The lack of distinguishing floral and vegetative characters and the overlap in palynological characters leads us to the decision to combine the above sections in one subsection Eleutherogynium, with as main character the absent nectar disc to distinguish it from other species within section Adenoglochidion. Note -Phyllanthus section Physoglochidion (Müll.Arg.) Müll.Arg. is characterized by 3 free stamens, 6 sepals in two whorls and a calyx that becomes saccate in fruit. Apart from the saccate calyx, these characters also occur in section Gomphidium and within section Physoglochidion and the saccate calyx shows a continuous variation between species (Lobreau-Callen et al. 1988). Since these groups can also not be distinguished on palynological data we opt to reduce section Physoglochidion to a subsection level and place it with section Gomphidium.
Transfer of Phyllanthus oxycarpus to Glochidion:
Glochidion oxycarpum (Müll.Arg.) R.W. Bouman, comb. nov Boerlage 1900 , Smith 1910 ), but we were unable to find a transfer for G. oxycarpum. The description lists no nectar disc, a 5-or 6-locular ovary with columnar style, which are all typical features for the genus Glochidion and therefore this species is transferred here.
KEY TO THE SUBGENERA AND (SUB)SECTIONS OF PHYLLANTHUS
A provisional key is here provided based on characters mentioned in the literature. A key for full identification purposes, using morphology only (not pollen) is difficult due to the absence of recent complete treatments for several groups and the fact that some characters have evolved multiple times within Phyl lanthus. The key is not completely dichotomous (trichotomous questions are marked with *). Authors of the various subgenera, sections and subsections are listed in Appendix 1 and all species within a particular group are listed in Appendix 2. 
DISCUSSION AND CONCLUSION
Taxonomic discussions on the circumscription of genus Phyl lanthus are still ongoing, mainly with the question whether the genera nested within should be subsumed or remain separate (Van Welzen et al. 2014 ). However, a good understanding and clear structure within the genus Phyllanthus in its current circumscription is necessary. Here an attempt was made to summarize over 200 years of taxonomic work on this immense group. Several issues that still exist will hopefully be resolved in new systematic studies. The provisional key to the subgenera and (sub)sections provided here works with most typical examples of Phyllanthus species.
Future research and revision work should focus on treatments of the individual subgenera and/or sections within the genus.
Unfortunately, not all species could be fitted in this subgeneric classification due to exceptional characters or incomplete descriptions (see Appendix 2). These will need further study or more new collections to elucidate their place within the genus. Often these are species of which only the type specimen is known and which were not collected since, and some might be extinct (e.g., P. aoraiensis Nadeaud; Wagner & Lorence 2011), or they might be exceptional forms, which should be united with other species. For some we could only assign them to subgenus level and further revision work should place them in their appropriate sections. The placement of some species may change with new research and we welcome these changes as they will lead to a better understanding of the genus Phyllanthus and we hope this article inspires discussion.
Several issues are still unresolved and will require further attention. Subgenus Phyllanthus, which previously spanned all herbaceous species, remains difficult and more species need to be included in new phylogenetic studies. Several groups in our list have not had formal taxonomic treatment for some time and new revision work may identify new species and better characters to differentiate them within Phyllanthus. Another taxonomic problem was created by the discussions on the validity of Brunel's thesis (1987) , which has led to many species being published twice under different names (see RadcliffeSmith 1996) . This will require close scrutiny in determining how many should be synonymized. Finally, a decision should be made on how to treat the paraphyly of the genus Phyllanthus.
Whether the genus will be split or whether the clades will be subsumed within Phyllanthus, we hope that this treatment will provide structure to this diverse genus. Subg. Subg. Section Hedycarpidium is currently placed in the genus Baccaurea and its use by Thin (2007) 
